Acoustic activation of drug delivery from polymeric micelles: effect of pulsed ultrasound.
The effect of a continuous wave (CW) and pulsed 20-kHz ultrasound on the Doxorubicin (DOX) uptake by HL-60 cells from the phosphate buffered saline solution (PBS) and Pluronic micellar solutions was studied. Both CW and pulsed ultrasound enhanced DOX uptake from PBS and Pluronic micelles. The main factor that effected drug uptake was ultrasound power density; however, with increasing power, the enhanced drug uptake was accompanied by the extensive cell sonolysis. For PBS, no significant effect of duration of the ultrasound pulse or inter-pulse interval on the drug uptake was observed. For Pluronic micelles, the uptake increased with increasing pulse duration in the range 0.1-2 s, overall sonication time being the same. For 2-s pulses, the uptake was close to that under CW ultrasound. There was no significant effect of the duration of the inter-pulse interval on the drug uptake from Pluronic micelles. The data on the effect of pulse duration on drug uptake suggest that the characteristic times of drug release from micelles and drug uptake by the cells are comparable. The results point to two independent mechanisms controlling acoustic activation of drug uptake from Pluronic micelles. Both mechanisms work in concert. The first one is related to the acoustically-triggered drug release from micelles that results in higher concentration of the free drug in the incubation medium. The second mechanism is based on the perturbation of cell membranes that results in the increased uptake of the micellar-encapsulated drug. The intracellular uptake of Pluronic micelles was confirmed by fluorescence microscopy.